Possible metabolic pathways of ethanol responsible for oxidative DNA damage in human peripheral lymphocytes.
Ethanol abuse, especially binge drinking, can be toxic to human organs. However, there have been few studies on the genotoxicity induced by ethanol in human peripheral lymphocytes under binge drinking conditions. The purpose of this study was to investigate the oxidative DNA damage induced by ethanol in human peripheral lymphocytes in vitro and the possible mechanism associated with ethanol metabolism. The concentrations of ethanol investigated in this study were 50 and 100 mM, which are equal to the ethanol concentrations in blood after binge drinking. The maximum concentration we used was 150 mM although it is not the typical blood ethanol concentration seen during binge drinking, and most people may die at such a high concentration. The purpose of using this maximum concentration was to obtain more detailed evidence about the genotoxicity induced by ethanol. The DNA repair process was also studied. Peripheral lymphocytes were isolated from donors who were nonsmokers and not ethanol drinkers. Oxidative DNA damage, possible metabolic pathways of ethanol in human peripheral lymphocytes, and the repair system involved in the DNA auto-repair process were examined by comet assay, flow cytometry, time-of-flight mass spectrometry (TOF-MS), reverse transcription-polymerase chain reaction (RT-PCR), and western blotting. The results showed that ethanol at the concentrations of 50, 100, and 150 mM significantly induced the oxidative DNA damage in human peripheral lymphocytes in vitro, which was accompanied by a parallel increase in the generation of 8-OHdG, intracellular hydroxyl radical, and reactive oxygen species (iROS). The DNA damage induced by ethanol could be attenuated by alcohol dehydrogenase 1B (ADH1B) or acetaldehyde dehydrogenase 2 (ALDH2) inhibitor, and the mRNA expression levels of ADH1B and ALDH2 were increased markedly by ethanol. The inhibitor of cytochrome P450 2E1 (CYP2E1) had no effect on ethanol-induced DNA damage, and CYP2E1 mRNA expression was not affected by ethanol. Furthermore, ethanol-induced DNA damage could be auto-repaired by lymphocytes. The expression of 8-oxoguanine DNA glycosylase 1 (OGG1) and the X-ray repair cross-complementation group 1 (XRCC1), 2 core enzymes in the base excision repair (BER) system, were increased in both of transcriptional and protein levels after ethanol treatment. This study provides direct evidence that ethanol can induce oxidative DNA damage in human peripheral lymphocytes in vitro, and its mechanism may be associated with the metabolism of ethanol by the ADH1B/ALDH2 pathway. Moreover, ethanol-induced DNA damage can be auto-repaired by human peripheral lymphocytes possibly mediated by the BER system.